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15-KETAL PROSTAGLANDINS FOR THE 
5 TREATMENT OF GLAUCOMA OR OCULAR HYPERTENSION 

Background of the Invention 

10 The present invention relates to novel compounds and methods for the treatment of 

glaucoma and ocular hypertension. In particular, the present invention relates to the use of 
certain 15-ketal analogs of F series prostaglandins to treat glaucoma and ocular 
hypertension. 

15 Glaucoma is a progressive disease which leads to optic nerve damage and, 

ultimately, total loss of vision. The causes of this disease have been the subject of extensive 
studies for many years, but are still not folly understood. The principal symptom of and/or 
risk factor for the disease is elevated intraocular pressure or ocular hypertension due to 
excess aqueous humor in the anterior chamber of the eye. 

20 

The causes of aqueous humor accumulation in the anterior chamber are not fully 
understood. It is known that elevated intraocular pressure ("lOP") can be at least partially 
controlled by administering drugs which either reduce the production of aqueous humor 
within the eye, such as beta-blockers and carbonic anhydrase inhibitors, or increase the 
25 outflow of aqueous humor fiom the eye, such as miotics and sympathomimetics. 

Most types of dmgs conventionally used to treat glaucoma have potentially serious 
side effects. Miotics such as pilocarpine can cause blurring of vision and other visual side 
effects, which may lead either to decreased patient compliance or to termination of 
30 therapy. Systcmically administered carbonic anhydrase inhibitors can also cause serious 
side effects, such as nausea, dyspepsia, fatigue, and metabolic acidosis, which side effects 
can affect patient compliance and/or necessitate the termination of treatment. Moreover, 
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some beta-blockers have increasingly become associated with serious pulmonary side 
effects attributable to their effects on beta-2 receptors in pulmonary tissue. 
Sympathomimetics, on the other hand, may cause tachycardia, arrhythmia and 
hypertension. Recently, certain prostaglandins and prostaglandin derivatives have been 
5 described in the art as being useful in reducing intraocular pressure. Typically, however, 
prostaglandin therapy for the treatment of elevated intraocular pressure is attended by 
undesirable side-effects, such as irritation and hyperemia of varying severity and duration. 
There is therefore a continuing need for therapies which control the elevated intraoculEU- 
pressure associated with glaucoma. 

to 

Prostaglandins are metabolite derivatives of arachidonic acid. Arachidonic acid in 
the body is converted to prostaglandin G2, which is subsequently converted to 
prostaglandin H2. Other naturally occurring prostaglandins are derivatives of 
prostaglandin H2. A number of different types of prostaglandins are known in tiie art 
15 including A, B, C, D, E. F, G, I and J-Series prostaglandins (EP 0 561 073 Al). Of 

interest in the present invention are compounds which are believed to exhibit similar lOP 
lowering mechanisms to those exhibited by PCFj^, an F-series prostaglandin of the 
following formula: 




The relationship of PGF2a receptor activation and lOP lowering effects is not well 
understood. It is believed that PGF2a receptor activation leads to increased outflow of 
aqueous humor, Regardless of mechanism, PGF2a and certain of its analogs have been 
25 shown to lower lOP (Giuffre, The Effects of Prostaglandin Human Eye^ Graefe's 

Archive Ophthalmnlogv . volume 222, pages 139-141 (1985); and Kerstetter et al.. 
Prostaglandin F^a-I-Isopropylester Lowers Intraocular Pressure Without Decreasing 
Aqueous Humor Flow, American Journal of Ophthalmology - volume 105, pages 30-34 
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(1988)). Thus, it has been of interest in the field to develop synthetic PGF2a analogs with 
lOP lowering efficacy. 

Synthetic PGFaa-type analogs have been pursued in the art i^ Graefe's Archive 
Ophthalmolog y, volume 229, pages 411-413 (1991)). Though PGFjQ-type molecules 
lower lOP, these types of molecules have also been associated with undesirable side 
eifects resulting from topical ophthalmic dosing. Such effects include an initial increase in 
lOP, breakdown of the blood aqueous barrier and conjunctival hyperemia (Aim, The 
Potential of Prostaglandin Derivatives in Glaucoma Therapy^ Current Opinion in 
OphthalmoloFV . volume 4, No. 11, pages 44-50 (1993)). Based on the foregoing, a need 
exists for the development of compounds that may activate the PGF2a receptors, yielding a 
more efficacious lowering of lOP, while exhibiting fewer or reduced side effects. 

An agent which exhibits comparable efficacy, but with reduced side effects when 
compared to other agents, is said to have an improved therapeutic profile. It is an object of 
this invention to provide a class of lOP lowering agents with an improved therapeutic 
profile over PGFaa, and methods of their use. It has unexpectedly been found that the 
presently claimed 15-ketal analogs of PGFja meet this objective. Although etiproston, a 
15-ketal prostaglandin and certain analogs thereof are known in the art (U.S. Patent No. 
4,088,775 and Skuballa, et aJ., "15-,15-ketals of Natural Prostaglandins and Prostaglandin 
Analogues Synthesis and Biological Activities," J. Med. Chem. 21(5):443 (1978)), they 
are known primarily for their luteolytic properties. See, e.g. The Merck Index (Eleventh 
Ed.) p. 608, moT^ograph no. 3827 (1989). Etiproston was also disclosed in U.S. Patent No, 
5,480,900 as one of many prostaglandin analogs which in combination with a clonidine 
derivative would be useful for treating glaucoma. In addition, U.S. Patent No. 4,870,104 
discloses 1 1-halo prostaglandins which may have an ethylenedioxymethylene group at the 
15 position. The novel compositions and the methods of use claimed in this application, 
however, are neither disclosed nor suggested in the foregoing art. 
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Summary of the Invention 

The present invention is directed to novel compounds, ophthalmic compositions 
and methods of their use in treating glaucoma and ocular hypertension. In particular, the 
5 present invention provides certain classes of 15-ketal prostaglandins believed to have 
functional PGFja receptor agonist activity, and methods of their use in treating glaucoma 
and ocular hypertension. 

Detailed Description of the Invention 

10 

It has unexpectedly been found that the 15-ketal substituted PGF2a analogs of the 
present invention exhibit an improved therapeutic profile in the treatment of glaucoma and 
ocular hypertension when compared to natural prostaglandins and some of their known 
analogs. The substituted PGFjq analogs useful in the methods and compositions of the 
15 present invention have the following formula I: 




wherein: 

20 

R' = CO2R, CONR*R^ CH20R^ or CH2NRV, where: 

R = H or cationic salt moiety, or CO2R = pharmaceutically acceptable ester 
moiety; R\ R^ = same or different = H or alkyl; R* = H, acyl. or alkyl; R^ R^ = 
same or different = H, acyl, or alkyl; with the proviso that if one ofR^ R* = acyl, 
25 then the other = H or alkyl; 



n = 0 or 2; 
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= H, alkyl, or acyl; 

= H, halo, or OR^ where = H, alkyl, or acyl; 

— = single or non-cumulated double bond, with the provisos that if a double bond is 
present between caitons 4 and 5, it is of the cis configuration; and that if a double bond is 
present between carbons 13 and 14, it is of the trans configuration; 

X = {CH2)jn or (CH2)mO, where m = 1-6; and 

y = phenyl, optionally substituted with alkyl, halo, trihalomethyl, aikoxy, acyl, acyloxy, 
amino, alkyiamino, acylamino, or hydroxy; or 

X-Y = (CH2)pY'; where p = 0-6; and 




j'VN.-i/VWWN/' 



wherein: 

W = CHj, O, S(0)q, m}\ CH2CH2, CH=CH, CH2O, CHjSCOq, CH=N, or CH^NR', 
where q = 0-2, and R*** = H, alkyl, or acyl; 

Z = H, alkyl, aikoxy, acyl, acyloxy, halo, trihalomethyl, amino, alkyiamino, acylamino, or 
hydroxy; and 



= single or double bond. 
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For purposes of the foregoing and following definitions, the term 
"pharmaceutical ly acceptable ester" means any ester that wouId» in appropriate doses, be 
suitable for therapeutic administration to a patient by conventional means without 
significant deleterious health consequences; and "ophthalmically acceptable ester" means 
any pharmaceutically acceptable ester that would be suitable for ophthalmic application, 
i.e. non-toxic and non-irritating. Preferred are alkyl esters. Most preferred are C2-C4 alkyl 
esters, and especially isopropyl esters. In addition, references to "carbons 4 and 5", 
"carbons 5 and 6" and "carbons 1 3 and 14" shall mean the carbons so designated in the 
structural formulas even when n = 2. 

Preferred for use in the methods and compositions of the present invention are 
those compounds of fomiula I above, wherein: 

= CO2R, where R = H; or CO^R = ophthalmically acceptable ester moiety; 

n = 0; 

R^ = H; 

R^ = OH in the alpha (a) configuration, or CI or F in the beta (p) configuration; 

— = single or non-cumulated double bond, with the provisos that if double bond is 
present between carbons 4 and 5 01 carbons 5 and 6, it is of the cis configuration; and thai 
if a double bond is present between carbons 13 and 14, it is of the trans configuration; 

X = CH2O; and 

Y = phenyl, optionally substituted with halo or trihalomethyl. 
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Especially preferred for use in the present invention are the following compounds; 



Compound 
Number 


Compound Name 


Compound Structure 


II 


(5Z,13£)-(95.n^)-16-(3- 
ChJorophenoxy)-9,1 1-dihydroxy- 
15,I5-(ethyIenedioxy)-17,18,19,20- 
tetranor-5,13-prostadienoic acid 
isopropyl ester 


HO M^, 


III 


{5Z)-(95Jli?)-16-(3- 
Chlorophenoxy)-9,n-dihydroxy- 
15,15-(ethylenedioxy)-17,18a9,20- 
tetranor-5-prostenoic acid isopropyl 
ester 


HQ, ,.v\ ; 
V — ( ^ COiPt 

HO w M , 


IV 


(4Z,13£^-(95',ll/?)-16-(3- 
Chlorophenoxy)-9,1 1-dihydroxy- 
15,15-(ethylenedioxy)-17,18,19,20- 
tetranor-4,13-prostadienoic acid 
isopropyl ester 


HO W M^, 


V 


{5Z,13£}-(95,U5)-16-(3- 
Chlorophenoxy)-! l-fluoro-9- 
hydroxy-l 5, 1 5-(ethy]enedioxy)- 
I7,18,19,20-tetranor-5,13- 
prostadienoic acid isopropyl ester 


) — I ^ COzPH 

— ' CI 


VI 


{5Z,\3E)-{9S,\ lie)-9,l 1-Dihydroxy- 
15,15-(ethylenedioxy)-16-phenoxy- 
1 7, 1 8, 1 9,20-tetranor-5, 13- 
prostadienoic acid isopropyl ester 


•y — ( \=/ \/ cOsPr' 
HO lJ"" 


VII 


(5Z. 1 3£)-(95, 1 15)- 1 1 -Chloro- 1 6-(3- 
chlorophenoxy )- 15,15- 
(ethylenedioxy)-9-hydroxy- 
17,18,19,20-tetranor-5,13- 
prostadienoic acid isopropyl ester 


CI 1/ ^ 
— ' CI 



Included within the scope of the present invention are the individual enantiomers 
of the title compounds, as well as their racemic and non-racemic mixtures. The individual 
enantiomers can be enantioselectively synthesized from the appropriate enantiomerically 
pure or enriched starting material by means such as those described below. Alternatively, 
they may be enantioselectively synthesized from racemic/non-racemic or achiral starting 
materials. {Asymmetric Synthesis by J. D. Morrison and J. W. Scott, Eds., Academic Press 
Publishers: New York, 1983-1985 (five volumes) and Principles of Asymmetric Synthesis 
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by R.E. Gawley and J. Aube, Eds., Elsevier Publishers: Amsterdam, 1996). They may 
also be isolated from racemic and non-racemic mixtures by a number of known methods, 
e.g. by purification of a sample by chiral HPLC {A Practical Guide to Chiral Separations 
by HPLC, G. Subramanian, Ed., VCH Publishers: New York, 1 994; Chiral Separations by 
HPLC, A.M, Krstulovic, Ed., Ellis Horwood Ltd. Publishers, 1989), or by enantioselective 
hydrolysis of a carboxylic acid ester sample by an enzyme (Ohno, M.; Otsuka, M. Organic 
Reactions, volume 37, page 1 (1989)). Those skilled m the art will appreciate that racemic 
and non-racemic mixtures may be obtained by several means, including without limitation, 
nonenantio selective synthesis, partial resolution or even mixing samples having different 
enantiomeric ratios. 

The compounds of the present invention believed to be novel are the cis 
compounds, i.e. those compounds of formula I, wherein: 

R' = CO2R, CONrV, CH20R^ or CHjNR^R^ where: 

R = H or cationic salt moiety, or CO2R = pharmaceutically acceptable ester 
moiety; R", R^ = same or different = H or alkyl; R^ = H, acyl, or alkyl; R^, = 
same or different = H, acyl, or alkyl; wifli the proviso that if one of R , R = acyl, 
then the other = H or alkyl; 

n = 0 or 2; 

R^ = H, alkyl, or acyl; 

R^ = H, halo, or OR^ where r' = H, alkyl, or acyl; 

— = single or non-cumulated double bond, with the provisos that a cis double bond is 
present between carbons 4 and 5; and that if a double bond is present between carbons 13 
and 14, it is of the trans configuration; 
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X = (CHj)^ or (CH2)^0, where m = 1-6; and 

Y = phenyl, optionaliy substituted with alkyl, halo, trihalomethyl, alkoxy, acyl, acyloxy, 
amino, alkylamino, acylamino, or hydroxy; or 

X-Y = (CH2)pY^ where p = 0-6; and 




wherein: 

W = CHj. O, S(0)q, NR'^ CH2CH2, CH=CH, CH2O, CH2S(0)q, CH=N, or CH2NR', 
where q = 0-2, and r'" = H, alkyl, or acyl; 

Z = H, alkyl» alkoxy, acyl, acyloxy, halo, trihalomethyl, amino, alkylamino, acylamino, or 
hydroxy; and 

— = single or double bond. 

Preferred novel compounds are those of formula I, wherein: 
= CO2R; where R = H; or CO2R = pharmaceutical ly acceptable ester moiety; 
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= OH in the alpha (a) configuration, or CI or F in the beta ((3) configuration; 



— = single or non-cumulated double bond, with the provisos that a cis double bond is 
present between carbons4and 5 and that if a double bond is present between carbons 13 
and 14, it is of the irans configuration; 

X = CH,0; and 

Y = phenyl, optionally substiUited with halo, or trihalomethyl. 

Other related PGFs within the scope of the present invention are known and their 
syntheses are either described in the literature or can be achieved by methods similar to 
those described in the literature or otherwise known to those of skill in the art {e.g. 
Skubalia el. al. U.S. Patent No. 4,088,775; Vorbruggen et. al. U.S. Patent No. 4,870,104). 
The foregoing references are by this reference incorporated herein. 

In the foregoing illustrations, as well as those provided hereinafter, wavy line 
attachments mdicate either the alpha (a) or beta (p) configuration. The carbon numbering 
is as indicated in structural formula I, even when n = 2. A hatched line, as used e.g. at 
carbon 9, indicates the a configuration. A solid triangular line indicates the p 
configuraiion. Dashed lines on bonds, e.g. between carbons 5 and 6, indicate a single or 
double bond. Two solid lines between carbons indicate a double bond of tiie specified 
configuration. 

In the following Examples 1-6, the following standard abbreviations are used: 
g = grams (mg = milligrams); mol = moles (mmol = millimoles); mL = milliliters; 
mfh Hg = millimeters of mercury; mp = melting point; bp ~ boiling point; h = hours; and 
min = minutes. In addition, "NMR" refers to nuclear magnetic resonance spectroscopy 
and "MS" refers to mass spectrometry. 
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EXAMPLE 1: 



Preparation of II 
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A. r3a«.4j?n^.5;?.6a.S1-5-fBenzovloxvV4-[4-B-chlornphennxvVl l- 
(ethylenedioxv'ibutenyl]-hexahydrQ-2H-cvclQpenta[b]furan-2-onef2;^ 

To a solution of [3aJ?,4i?(l£),5;?,6aiy)-5-(ben2oyloxy)-4-[4-(3-chlorophenoxy)-3- 
oxobutenyI]-hexahydro-2//-cyclopenta[b]furan-2-one {I ; for preparation see published 
European Patent Application No. EP 639563 A2, which is incorporated by this reference) 
(1.32 g, 3.0 nimol), 4A molecular sieves (1.27 g), and l,2-bis(triniethylsiioxy)ethane(1.27 
g, 6.18 mraol) in methylene chloride (23 mL) at -1S°C (bath temperature) was added 
trimethylsilyl trifluoromethanesulfonate (172 mg, 0.77 mmol). The reaction was then 
warmed to -20 °C and maintained at that temperature overnight. Triethylamine (0.8 mL) 
was added, the solution was wanned to room temperature, saturated sodium bicarbonate 
(15 mL) was added, the layers were separated, the aqueous phase was extracted with 
methylene chloride (2 x 20 mL), the combined organic layers were dried (magnesium 
sulfate), filtered, concentrated, and chromato graphed on a 19 cm tall x 26 mm diameter 
silica gel column eluting with 1 :t ethyl acetate:hexane to afford 2 (1.41 g, 97%). '^C 
NMR (CDCI3) 5 176.17 (C), 165.92 (C), 159.23 (C). 134.71 (C), 133.32 (CH), 131.06 
(CH), 130.06 (CH), 129.56 (CH). 129.40 (CH), 128.48 (CH), 121.37 (CH), 115.14 (CH). 
113.21 (CH), 106.27 (C), 83.10 (CH), 78.76 (CH), 71.36 (CHj), 65.41 (CHj), 65.23 (CHj), 
53.74 (CH), 42.47 (CH), 37.35 (CHj), 34.79 (CHj). 

B. [3aj?.4/gfl£D.5/e ,6a.7 ]-4-[4-r3-chlorophenoxyV3.3-fethylenedioxv^butenvl]-5-hvdroxv- 
hex3hvdrQ-2//-cyclopenta[fa]furan-2-one(3^ 

To a solution of 2 (1.64 g, 3.38 mmol) in methanol (25 mL) was added potassium 
carbonate (480 mg, 3.47 mmol). After 18 h, saturated ammonium chloride (45 mL) was 
added, the mixture was extracted with ethyl acetate (3x30 mL), dried (magnesium 
sulfate), filtered, concentrated, and chromatographed on a 20 cm tall x 26 mm diameter 
silica gel column eluting with 1 :1 ethyl acetate:hexane to afford 3 (201 mg, 16%). 
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C [:^a;?.4j?fl^-Sff.6a.y}-5-f^ Rntv1dipheTivlsilnT{vV4-r4-f3-r.h1oronheTioxvV3.3- 
fethvlenedioxy^butenyl]-hexabvdro-2/f-cvclopentarblfuran-2-one (4) 

To a solution of 3 {200 mg, 0.52 ramol), imidazole (125 mg, 1.84 mmol) and 4- 
(dimethy!amino)pyridine (DMAP) (28 mg, 0.23 mmol) in methylene chloride (4 mL) was 
added ?-butyldiphenylsilyl chloride (200 mg, 0.73 mmol). After 40, min saturated ^ 
ammonium chloride (15 mL) was added, the solution was extracted with methylene 
chloride (3x15 mL), dried (magnesium sulfate), filtered, concentrated, and 
chromatographed on a 14 cm tall x 26 mm diameter silica gel column eluling wLtii 40% 
ethyl acetate in hexane to afford 4 (316 mg, 98%). 

P. [3aj;.4j;ag^.5Jg.6a^-5-fNBmvIdiphenvlsiloxv^^-r4 -r3-chlorophenoxvV3.3- 
fethylenediQxy^butenvl]-hexahydro-2 //-cyclopenta[h1furan-2-ol f5) 

To a solution of 4 (310 mg, 0.50 mmol) in toluene (7 mL) at -78**C (bath 
temperature) was added a 1 .5 Absolution of diisobutylaluminum hydride (DIBAL-H) in 
toluene (0.46 niL, 0.69 mmol). After 1 h, a 1 ; I v:v solution of ethyl acetate: methanol (4 
mL) was added, the solution was warmed to room temperature, saturated ammonium 
chloride (30 mL) and ethyl acetate (30 mL) were added, the thick mixture was filtered 
through Ceiite, the phases were separated, the aqueous layer was extracted with ethyl 
acetate (2x30 mL), the combined organic layers were dried (magnesium sulfate), filtered, 
and concentrated to afford crude 5 (320 mg. 100%), which was used directly in the next 
step without further purification. 

E. (5ZA3E)-(9S: 1 1 l-ff-B utvldiphenvlsiloxvV16-f3-chloroDhenoxv)-15.15- 
(ethylenedioxvV9-hvdroxy-l7.18.19.2Q-tetranor-5.13-prostadieno ic acid isonropvl ester 

m 

To a suspension of (4-carboxybutyl)triphenylphosphonium bromide (685 mg, 1 .55 
mmol) in THF (7 mL) at O^C (bath temperature) was added a 1 M solution of potassium t- 
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butoxide in THF (3.1 mL, 3.1 mmol). After 12 min, 5 (320 mg, 0.5 mmol) was added as a 
solution in THF (7 mL); and after 40 min, additional portions of (4- 
carboxybulyl)lriphenylphosphonium bromide (700 mg. 1.58 mmol) and potassium t- 
butoxide (6 mL, 6 mmol) were added. After an additional 45 min, saturated ammonium 
chloride (20 mL) was added, the solution extracted with ethyl acetate (3 x 25 mL), dried 
(magnesium sulfate), filtered, and concentrated to afford an oil. To a solution of this oil, 
DMAP(45 mg, 0.37 mmol), isopropanol (1 .0 g, 16.7 mmol), and 4A molecular sieves (300 
mg) in methylene chloride (6.5 mL) was added l-(3-dimethy]aminopropyI)-3- 
ethyicarbodiimide hydrochloride (320 mg, 1.67 mmol). After 18 h, saturated ammonium 
chloride (25 mL) was added, the layers were separated, the aqueous phase was extracted 
with methylene chloride (2 x 20 mL), the combined organic layers were dried (magnesium 
sulfate), filtered, concentrated, and chromatographed on a 17 cm tall x 26 mm diameter 
silica gel column eluting with 30% ethyl acetate in hexane to affoni 6 and the 
chromatographicaliy separable siloxy transposition isomer 6* (121 mg combined, 32%). 

F. (52J3g>-r9^.11j;V16-f3-ChloronhenoxvV9 n-dihvdroTfv.l5.15-fethvlenedioxv^- 
17.18.19.20-tetranor-5.13-prostadienoic acid isnpr opvl ester fll) 

To a solution of a mixture of 6 and 6* (34 mg, 0.045 mmol) in THF (3 mL) was 
added a 1 M solution of tetrabutylamraonium fluoride (TBAF) in THF (0.2 mL, 0.2 
mmol). After 1 h, saturated ammonium chloride (3 mL) was added, the solution was 
extracted with ethyl acetate (4x3 mL), concentrated, and chromatographed on a 19 cm 
tall X 10 mm diameter silica gel column eluting with 9: 1 ethyl acetate:hexane to afford n 
(18.2 mg, 79%). NMR (CDCI3) d 173.39 (C). 159.45 (C), 134.76 (C), 134.68 (CH), 
130.14 (CH). 129.88 (CH), 128.89 (CH), 128.11 (CH), 121.28 (CH), 115.29 (CH), 113.30 
(CH), 106.62 (C). 78.31 (CH). 73.36 (CH), 71.47 (CHj), 67.63 (CH), 65.34 (CH^), 65.32 
(CH2). 55.76 (CH), 50.74 (CH), 42.89 (CH2), 33.99 (CH2), 26.61 (CH2). 25.82 (CH^), 
24.84 (CH2), 21 .83 (CH3). MS, m/z calcd. for C27H3707ClNa [(M + Na)^], 53 1 ; found, 
531. 
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EXAMPLE 2: 



Preparation of III 
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A. (3aj?.4/g,5/^.6a.y)-5-fBen2ovloxvV4-r4-f3-chlorophenoxvV:^-QXQhutvll-hexahvdro-2JJ- 
cyclopenta[b1furan-2-Qne (8) 

To a 2 solution of oxalyl chloride in methylene chloride {3.7 mL, 7.4 mmol) at 
-78°C (bath temperature) was added a solution of dimethylsulfoxide (660 mg, 8.46 mmol) 
in methylene chloride (0.5 mL). After 10 min, a solution of [(3a/f,4ii(3i?),5./?,6a^-5- 
(ben2oyloxy)-4-[4-(3-chlorophenoxy)-3-hydroxybutyl]-hexahydro-2//-cyclopenta[b]furan- 
2-one (7; for preparation see published European Patent Application No. EP 639563 A2) 
(1 .60 g, 3.6 mmol) in methylene chloride (25 mL) was added dropwise. After an 
additional 2 h, triethylamine (1.31 g, 12.9 mmol) was added, the reaction was warmed to 
room temperature, saturated ammonium chloride (50 mL) was added, the solution was 
extracted with methylene chloride (3 x 40 mL), dried (magnesium sulfate), filtered, 
concentrated, and chromatographed on a 16 cm tall x 41 mm diameter silica gel column 
eluting with 1:1 ethyl acetate :hexane to afford 8 (1.17 g, 73%). 

B. f3aj?.4j?.5j?.6a.y)-5-fBen70vloxvt-4-r4-r3-chloropheno xvl-3.3-fethvlenedioxv1hutvl1- 

hexahydro-2//-cyclopenta[b]furan-^-one (9) 

To a solution of 8 (1.29 g, 2.91 mmol), 4A molecular sieves (1.7 g) and 1,2- 
bis(trimethyls)loxy)ethane(1.2 g, 5.8 mmol) in methylene chloride (20 mL) at 0°C (bath 
temperature) was added trimethylsilyl trifluoromethanesulfonate (170 mg, 0.76 mmol). 
After 2 h, the reaction was wanned to room temperature, cooled to 4°C (bath temperature) 
and maintained at that temperature over 72 h. Triethylamine (1 mL) and saturated sodium 
bicarbonate (20 mL) were added sequentially, the solution was extracted with ethyl acetate 
( 3 X 35 mL), dried (magnesium sulfate), filtered, concentrated, and chromatographed on a 
17 cm tall X 26 mm diameter silica gel column eluting with 1:1 ethyl acetate:hexane to 
afford 9 (1.20 g, 84%). '^C NMR (CDClj) 5 176.75 (C), 166.00 (C), 159.22 (C), 134.87 
(C), 133.22 (CH), 130.23 (CH), 129.65 (CH), 129.61 (CH), 128.48 (CH), 121.42 (CH), 
1 15.04 (CH). 113.12 (CH), 108.78 (C), 84.41 (CH), 80.26 (CH), 70.15 (CH2), 65.67 
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(CHj), 65.62 (CH2), 52.70 (CH), 43.40 (CH), 37.61 (CH2), 36.27 (CHj), 33.00 (CHj), 
26.60 (CH2). 

C. naj?.4/;.5jg,6a51-4-[4-r3-chlorophenoxvV3.3-rethylenedioxv)butvlV5-hvdroxv- 
hexahydro-2 //-cvdopenta[b]fura]i-2-oneflOt 

To a solution of 9 (1.15 g, 2.36 mmol) in methanol (40 mL) was added potassium 
carbonate (389 mg, 2.81 mmol). After 3.5 h, saturated ammonium chloride (45 mL) and 
saturated brine (25 mL) were added, the mixture was extracted with ethyl acetate (3 x 60 
mL), dried (magnesium sulfate), filtered, concentrated, and chromatogr^hed on a 14 cm 
tall X 4 1 mm diameter silica gel column eluting with 4: 1 ethyl acetaterhexane to afford 1 0 
(708 mg,81%). 

D. (3a/;.4j?.5/;.6a^5-0-ButyldiphcnylsiloxyV4-[4-f3-chlorophenoxvV3.3- 
(ethylenedioxy)butyl]-he xahydro-2//-cyc}openta[h]furan-2-one ail 

To a solution of 10 (700 mg, 1 .89 mmol), DMA? (58 mg, 0.48 mmol), and 
imidazole ( 1 92 mg, 2.82 mmol) in methylene chloride ( 1 1 mL) was added t- 
bulyldiphenylsilyl chloride (670 mg, 2.45 mmol). After 4.5 h. saturated ammonium 
chloride ( 1 5 mL) was added, the phases were separated, the aqueous layer was extracted 
with methylene chloride (2x15 mL), the combined organic layers were dried (magnesium 
sulfate), filtered, concentrated, and chromatographed on a 22 cm tall x 26 mm diameter 
silica gel column eluting with 40% ethyl acetate inhexaneto afford 11 (951 mg, 83%). 

E. (3a;?.4/?.5/e.6a.V)-5-rr-Butyldiphenvlsi]oxyV4-[4-n-chlorophenoxvV3.3- 
fethvlenedioxvlbutvi]-he xahvdro-2//-cvclopenta[b1furan-2^ol (121 

To a solution of 11 (945 mg, 1.55 mmol) in toluene (II mL) at -78°C (bath 
temperature) was added a 1.5 M solution of DIBAL-H in toluene (3.0 mL, 4.5 mmol). 
After 3.5 h, ethyl acetate (10 mL) was added, the mixture was wanned to room 
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temperature, saturated sodium potassium tartarate (20 mL) was added, and the thick 
solution was stirred for 30 min to break the emulsion. The layers were sepiu^ted, the 
aqueous phase was extracted with ethyl acetate (2 x 30 mL), the combined organic layers 
were dried (magnesium sulfate), filtered, concentrated, and chromatogrj^jhed on a 13 cm 
tall X 26 mm diameter silica gel column eluting with 40% ethyl acetate in hexane to afford 
12 (968 mg, 100%). 

F iSZ)-(9SA 1 RV^ l-ff-ButyldiphenvlsiloxyV16-f3-chlQrQphenoxvV15.15- 
fethylenedioxvV9-hvdroxv-17.18.t9.20-tetranor-5-prosteno ic acid isopropvl ester fl31 

To a suspension of (4-carboxybutyl}triphenylphosphonium bromide (2. 1 g, 4.7 
mmol) in THF (22 mL) at 0°C (bath temperature) was added a 1 M solution of potassium 
?-butoxide in THF (9.4 mL, 9.4 mmol). After 15 min, a solution of 12 (960 mg, 1 .57 
mmol) in THF (13 mL) was added dropwise. After an additional 4 h, saturated 
ammonium chloride (30 mL) was added, the mixture was extracted with ethyl acetate (3 x 
30 mL), dried (magnesium sulfate), filtered, and concentrated to afford a crude oil. This 
oil was dissolved in acetone ( 1 5 mL), the bath temperature was lowered to O^C, and DBU 
( 1 .4 g, 9.2 mmol) was added. After 20 min, isopropyl iodide (1 .6 g, 9.4 mmol) was added, 
and the mixture was warmed to room temperature and stirred over 3 d. Saturated 
ammonium chloride (25 mL) was added, the mixture was extracted with ethyl acetate (3 x 
25 mL), dried (magnesium sulfate), filtered, concentrated, and chromatographed on a 17 
cm tall X 26 mm diameter silica gel column eluting with 30% ethyl acetate in hexane to 
afford 13 and the siloxy transposition isomer 13* (791 mg combined, 67%). 

G. r5Z>-f9^.11jeVl6-f3-Ch1nrnphenoxvV9.11-dihvdroxv-15.15-fethvlenedioxv) - 
1 7. 1 8 J 9.2Q-tetranor-5-prostenoic acid isonronvl ester fill) 

To a solution of the above mixture of 13 and 13* (785 mg, 1.05 mmol) in THF (10 
mL) was added a 1 M solution of TBAF in THF (3 mL, 3 mmol). After 1 h, saturated 
ammonium chloride (40 niL) was added, the mixture was extracted with ethyl acetate (3 x 
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30 mL), dried (magnesium sulfate), filtered, concentrated, and chromatographcd on a 22 
cm tall X 26 mm diameter silica gel column elating with 1 : 1 ethyl acetate; hexane to afford 
III (392 mg, 73%). '^C NMR (CDCI3) 6 173.36 (C), 159.37 (C), 134.81 (C). 130.18 
(CH), 129.66 (CH), 129.22 (CH), 121.28 (CH). 115.07 (CH), 1 13.63 (CH), 109.17 (C), 
78.65 (CH), 74.72 (CH), 70.29 (CHj), 67.57 (CH). 65.67 (CH2), 65.56 (CH2), 52.93 (CH), 
51.79 (CH), 42.43 (CH^), 34.04 (CH2), 33.58 (CH2). 26.93 (CHj), 26.88 {CH2), 26.64 
(CH2),24.90 (CH2), 21.82 (CH3). MS, m/z calcd. for C27H3907ClNa [(M + Na)^]. 533; 
found, 533. 



EXAMPLE 3: 
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f47 ,n/-Vr9.V.11^V16-f3-Ch1nTophenoxvV9.11-dihvd royv-TS.15-(ethvlenedioxvV 
17.18.19.20-tetrano r-4.i3-prQstadienoic acid isopropvl ester fm 

Reaction of alcohol 3 with 3,4-dihydro-2//-pyTan in CH2CI2 at 0°C in the presence 
5 of/>-toluenesulfonic acid affords 14, reduction of which with DIBAL-H in toluene at -78 
°C provides lactol 15. Wittig reaction of lactol IS with Ph^P^CHjOMe CI' in the the 
presence of potassium ;-butoxide in THF affords enol ether 16 as a mixture of enol ether 
olefin geometrical isomers. Treatment of this mixture with /j-toluenesulfonic acid in 
THF/water affords lactol 17. Wittig reaction of 17 with Ph3P*(CH2)3C02H Br* in the 
10 presence of potassium ?-butoxide in THF» followed by treatment of an acetone solution of 
the resulting carboxyiic acid with DBU and isopropyi iodide, yields IV after purification 
via silica gel chromatography. 
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EXAMPLE 4: 

Synth sis of V 

0 0 o 



q\ q\ (/\ 




28 V 
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f5Z.13m9.S.lhS^46-f3-ChlorophenoxvVl1-nuom-9-hvHmxv-15.1,S-^et>ivlenedinyvV 
] 7.1 8.19.20-tetranor-5.13-prostadie noic acid tsopropvl ester (V^ 

Reduction of aldehyde 18 to alcohol 19 is accomplished using NaBH4 in a 1:1 
mixture of CH2Cl2:MeOH. Silylation to 20 is accomplished via treatment with 
PhjBu'SiCl, imidazole, 4-(dimethylamino)pyridine in CH^Clz. Debenzoylation is effected 
with K2CO3 in MeOH to provide 21. Fluorination with (diethyl amino)sulfur trifluoride in 
CH2CI2 at 0 °C affords a mixture of 22 and an elimination by-product 23. This mixture is 
treated with OSO4 and 4-methylmorpholine A^-oxide in acetone/water to afford a now 
easily chromatographically separable mixture of 22 and a dihydroxylation product of 23. 
Desilyiation of 22 with TBAF in THF yields alcohol 24, which is oxidized to aldehyde 25 
using Swem conditions (oxalyl chloride/DMSO). Homer-Emmons reaction of 25 with 
dimethyl [3-(3-chlorophenoxy)-2-oxopropyl]phosphonate in THF in the presence of 
NEtj/LiCl affords enone 26. Ketalization is achieved by treatment with 1,2- 
bis(trimethylsiloxy)ethane and trimethylsilyl trifluoromethanesulfonate in CH2CI2 from 
-78°C to -20°C overnight to give 27. Reduction of 27 with 1 equivalent of DIBAL-H in 
toluene at -78''C provides lactol 28. Wittig reaction with Ph3P"'(CH2)4C02H Br' in THF in 
the presence of potassium f-butoxidc, followed by esteriftcation of an acetone solution of 
the resulting acid with isopropyl iodide/DBU, affords V after purification via silica gel 
chromatography. 
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EXAMPLE 5: 



Synthesis of VI 
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A. r3aj?.4jgfm.Sjg.6aA]-5-menzov1oxvV 4-M-phennTfy-3-oxobutvlVhexahydrQ-2tf- 
cvclopentarb1furan-2-one (29^ 

To a solution of lithium chloride (920 mg, 22 mmol) and dimethyl (2-oxo-3- 
phenoxypropyl)phosphonate (prepared in a manner analogous to that described in U.S. 
Patent No. 5,665,773 for dimethyl (2-oxo-3-(3-chlorophenoxy)propyl)phosphonate, which 
patent is incorporated herein by this reference) (3.50 g, 13.6 mmol) in THF (30 mL) at 0'*C 
(bath temperature) was added NEtj (1.20 g, 1 1.9 mmol). After 10 min, aldehyde 18 was 
added in one portion to the suspension. After 2 h, the suspension was added to saturated 
NH4CI (30 mL), the mixture was extracted with ethyl acetate (3 x 30 mL), dried (MgS04), 
filtered, concentrated, and chromatographed on a 15 cm tall x 41 mm diameter silica gel 
column elating with 1:1 ethyl acetate :hexane to afford 29 (1.30 g, 40 %). 

B. r3a/;.4j?ng>.5j?.6a.y]-5- menzovloxv>-4-f4-n-ch1nmp h enoxyV3,3- 
fethvlenedioxv)butenvl]-1-hexahydro -2tf-cyclopenta[b]fiiran-2-one (30) 

To a solution of enone 29 (1.30 g, 3.2 mmol) and l,2-bis(trimethylsiloxy)ethane 
(1.34 g. 6.5 mmol) in CHjClj (10 mL) at -78°C (bath temperature) was added 
trimethylsilyl trifluoromethanesulfonate (240 mg, 1.1 mmol). After 1 h, the reaction was 
wanned to -ZO^C and kept at that temperature overnight. The reaction was quenched by 
the addition of NElj (360 mg, 3.56 mmol), warmed to room temperature, added to 
saturated sodium bicarbonate (25 mL), the layers were separated, the aqueous layer was 
extracted with CHjClj (3 x 25 mL), ), dried (MgS04), filtered, concentrated, and 
chromatographed on a 12 cm tall x 41 mm diameter silica gel column to afford 30 (1.19 g, 
82%). 
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rf3a/;.4Jjr.g>,5ff.fia.y]-5-Hvdroxv-4-f4-f3-c lilnrnphenoyvV33-fethvlenedioxv'^bmenvl^ 
hexahydro-2 Jf-cyclQpenta[b3furan-2-one(31) 

To a solution of 30 (1.18 g, 2.62 mmol) in methanol (15 mL) was added K2CO3 
(400 mg, 2.89 mmol). After 2.5 h, saturated NH4CI was added (35 mL), the mixture was 
extracted with ethyl acetate (3 x 40 mL), dried (MgSOJ, filtered, concentrated, and 
chromato graphed on a 16 cm tall x 41 mm diameter silica gel column elating first with 3:2 
ethyl acetate;hexane and then with ethyl acetate to afford 31 (600 mg, 66%). 

D. [3a/g.4;g(K^.5A.6a^-5-(f-Butvldiphenylsiloxy>-4-[4-(3-chlorQp henQxvV3.3- 
(ethylenedioxy)butenyl3- hexahydro-2//-cyclopenta[b]fTiran-2-one f32'^ 

To a solution of 31 (590 mg. l.Tnunol), imidazole (168 mg, 2.47 mmol), and 
DMAP (50 mg, 0.41 mmol) in CHjClj (5 mL) was added /-butyldiphenylsilyl chloride 
(590 mg, 2.15 mmol). After 1 h, saturated NH4CI was added (25 mL), the mixture was 
extracted with CHjClj (3 x 25 mL), ), dried (MgSO^), filtered, concentrated, and 
chromatographed on a 1 6 cm tall x 26 mm diameter silica gel column eluting with 1 : 1 
ethyl acetate :hexane to afford 32 contaminated with some Bu'PhjSiOH (1.09 g); the 
mixmre was used in the next step without any further purification. 

R. [3a/e.4jgfg},5;?,6a.Yl-5-ff -RutvldiphenvlsiloxvV4-r4-(3-chlQroDhen0XV)-3J- 
(ethylenediQxv>butenvn-1-hexahvdro -2W-cyclopenta[h]furan-2-oir331 

To the above 32: Bu'PhzSiOH mixture (1.09 g) in toluene (5.5 mL) at -78°C (bath 
temperature) was added DIBAL-H (1.6 mL of a 1.5 A/solution in toluene, 2.4 mmol). 
After 2 h, methanol (3 mL) and ethyl acetate (3 mL) were added, the solution was waimed 
to room temperature, saturated sodium potassium tartrate (20 mL) was added, and the 
mixture was stirrred for 40 min. The solution was extracted with ethyl acetate (2 x 40 
mL), dried (MgS04), filtered, concentrated, and chromatographed on a 15 cm tall x 26 mm 
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diameter silica gel column elutingwith 1:1 ethyl acetate :hexane to afford 33 (915 mg, 92% 
from 31). 

F. (fiZA2E\-(9SA \RV 1 1 -f f-ButvldiphenvlsiloxvV 1 5. 1 5-fethylenedioxvV9-hvdroxv-l 6- 
phenoxy-17 .18.19.2Q-tetranor-5.13-prostadienoic acid isopropvl ester (34^ 

To a suspension of (4-carboxybutyl)ftiphenylphosphonium bromide (2.26 g, 5.1 
mmol) inTHF(lOmL) atO^C (bath temperature) was added a 1 M solution of potassium 
i-butoxideinTHF(12mL, 12mmol). After 30 min, lactol 33 was added (910 mg, 1.5 
mmol) as a solution in THF (10 mL). After an additional 35, min saturated NH4CI was 
added (35 mL), the solution was extracted with ethyl acetate (3 x 35 mL), dried (MgS04)» 
filtered, and concentrated to afford an oil. The oil was dissolved in acetone (15 mL), 
cooled to 0°C(bath temperature), and DBU was added (1 .2 g, 7,9 mmol). After 25 min, 
isopropyl iodide was added (L3 g, 7.8 mmol) and the reaction was warmed to room 
temperature. After stirring overnight, the solution was added to saturated NH4CI (25 mL), 
extracted with ethyl acetate (3 x 30 mL), dried (MgS04), filtered, concentrated, and 
chiomatographed on a 17 cm tall x 26 mm diameter silica gel column elating with 40% 
ethyl acetate in hexane to afford 34 as a chromatographically separable mixture with the 
siloxy transpositional isomer 34* (913 mg total, 83%). 

G. (5Z.13g1-(9 .9 ,ll^V9Jl-Dihvdrnxv-15.15-fethvlenedioxvl-16-T)henoxv-17J8J9:20^ 
tetranor-5-1 3-prostadienoic acid isopropvl ester fVIt 

To a solution of a mixture of 34 and 34* (5 1 0 mg, 0.72 mmol) in THF (6 mL) was 
added a 1 M solution of TBAF in THF ( 1 .7 mL, 1 .7 mmol). After 2 h, saturated NH4CI 
was added (20 mL), the solution was extracted with ethyl acetate (3 x 30 mL), dried 
(MgSOi), filtered, concentrated, and chromatographed on a 15 cm tall x 41 mm diameter 
silica gel column eluting with ethyl acetate to afford VI (194 mg. 57%). '^C NMR 
(CDCI3) 6 173.67 (C), 158.75 (C), 134.45 (CH). 129.77 (CH), 129.36 (CH), 128.96 (CH), 
128.35 (CH). 121.06 (CH), 114.80 (CH), 106.79 (C). 78.22 (CH), 73.28 (CH), 71.26 
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(CH2), 67.60 (CH), 65.30 (CHj), 65.26 (CH2).55.70 (CH), 50.69 (CH), 42.86 (CHJ, 34.02 
(CH2). 26.60 (CH2), 25.81 (CHj), 24.85 (CHj), 21.83 (CH3). MS. m/z calcd. for 
C27H3807Na [{M + Naf ], 497; found, 497. 



EXAMPLE 6: 

Synthesis of VII 




40 VII 
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f5Z13^-f95.1KS^-n-Ch]nro-1fi-n-nhlnrn phenoxv^-15.l5-fethvlenedinxvV9-^^^ 
17.18.19.20-tetranor-5.13-pTiostadjenoic acid isopropyl ester (VlVi 

Treatment of alcohol 3 (see Example 1) with 4-methoxyben2yl chloride, (i- 
C3H7)2NCH2CH3, and Bu4N^r in CHjCls affords lactone 35, which is reduced to iactol 36 
by DIBAL in toluene at -78 "C. Wittig olefination with Ph3P*(CH2)4C02H Br" in THF in 
the presence of (-BuOK, followed by esterification of the resultant carboxyhc acid with 
DBU/isopropyl iodide in acetone gives 37. Silylation of the alcohol is effected using t- 
butyldiphenylsilyl chloride/imidazole in DMF to afford the silyl ether, 38, which is 
converted to alcohol 39 by DDQ in CHjClj/water. Treatment of 39 with CH3SO2CI and 
NEtj in CH2CI2, followed by heating with BU4NCI in toluene, yields chloride 40. 
Deprotection of 40 with TBAF in THF affords VII. 

The 15-ketal substituted prostaglandins of the present invention may be fonnulated 
in various pharmaceutical compositions for administering to humans and other mammals 
as a treatment of glaucoma or ocular hypertension. As used herein, the term 
"phatmaceutically effective amount" refers to that amount of a compound of the present 
invention which lowers lOP when administered to a patient, especially a mammal. The 
preferred route of administration is topical. The compounds of the present invention can 
be administered as solutions, suspraisions, or emulsions (dispersions) in an ophthalmically 
acceptable vehicle. As used herein, the term "ophthalmically acceptable vehicle'* refers to 
any substance or combination of substances which are non-reactive with the compounds 
and suitable for administration to a patient. Solubilizers and stabilizers are deemed to be 
non-reactive. Preferred are aqueous vehicles suitable for topical administration to the 
patient's eyes. 
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In forming compositions for topical administration, the compounds of the present 
invention are generally formulated as between about 0.00003 to about 0.5 percent by 
weight (wt%) solutions in water at a pH between about 4.5 to about 8.0, preferably 
between about 7.0 and about 7.5. The compounds are preferably formulated as between 
about 0.0005 to about 0.03 wt% and, most preferably, between about 0.001 and about O.Ol 
wt%. While the precise regimen is left to the discretion of the clinician, it is recommended 
that the resulting solution be topically applied by placing one drop in each eye one or two 
times a day. 

Other ingredients which may be desirable to use in the ophthalmic preparations of 
the present invention include preservatives, co-solvents and viscosity building agents. 

Antimicrobial Preservatives: 

Ophthalmic products are typically packaged in multidose form. Preservatives are 
thus required to prevent microbial contamination during use. Suitable preservatives 
include: benzalkonium chloride, thimerosal, chlorobutanol, methyl paraben, propyl 
paraben, phenyiethyl alcohol, edetate disodium, sorbic acid, Onamer M, or other agents 
known to those skilled in the art. Such preservatives are typically employed at a level 
between about 0.001% and about 1 .0% by weight 

Co-Solvents: 

Prostaglandins, and particularly ester derivatives, typically have limited solubiUty 
in water and therefore may require a surfactant or other appropriate co-solvent in the 
composition. Such co-solvents include: Polysorbate 20, 60 and 80; Pluronic F-68, F-84 
and P-103; CREMOPHORE® EL (polyoxyl 35 castor oil) cyclodextrin; or other agents 
known to those skilled in the art. Such co-solvents are typically employed at a level 
between about 0.01% and about 2% by weight. 
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Viscosity Agents: 

Viscosity greater than that of simple aqueous solutions may be desirable to 
increase ocular absorption of the active compound, to decrease variability in dispensing 
the formulations, to decrease physical separation of components of a suspension or 

5 emulsion of formulation and/or otherwise to improve the ophthalmic formulation. Such 
viscosity building agents include, for example, polyvinyl alcohol, polyvinyl pyrrolidone, 
methyl cellulose, hydroxy propyl methylcellulose, hydroxyethyl cellulose, carboxymethyl 
cellulose, hydroxy propyl cellulose, chondroitin sulfate and salts thereof, hyaluronic acid 
and salts thereof, and other agents known to those skilled in the art. Such agents are 

10 typically employed at a level between about 0.01 % and about 2% by weight. 

Preferred formulations of 15-ketal prostaglandins of the present invention include 
the following Examples 7-10: 



IS Example 7 

Ingredient Amount (wt%) 

20 Compound lU 0.001 

Phosphate Buffered Saline 1 .0 

Polysorbatc 80 0.5 

Purified water q.s. to 100% 

25 
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Example 8 



Ingredient Amount (wt%) 



Compound II 0.001 

Monobasic sodium phosphate 0.05 

Dibasic sodium phosphate 0. 1 5 
(anhydrous) 

Sodium chloride 0.75 

Disodium EDTA (Edetate disodium) 0.05 

CREMOPHOR®EL 0.1 

Benzaikonium chloride 0,01 

HCl and/or NaOH pH 7.3 - 7.4 

Purified water q.s. to 100% 



Example 9 



Ingredient Amount (wtVo) 



Compound IV 0.01 

Phosphate Buffered Saline 1.0 

Hydroxypropyl-p-cyolodcxtrin 4.0 

Purified water q.s. to 100% 
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Example 10 



Amount (wt%) 



Ingredient 


Compound VI or VII 


0.01 


CREMOPHOR® EL 


0.5 


Tromethamine 


0.12 


Boric Acid 


0.3 


Manntlo! 


4.6 


Disodium EDTA 


0.01 


Benzalkonium Chloride 


0.01 


NaOH and/or HCl 


q.s. to pH 7 


Purified water 


q.s. to 100% 



The invention has been described by reference to certain preferred embodiments; 
however, it should be understood that it may be embodied in other specific forms or 
variations thereof without departing from its spirit or essential characteristics. The 
embodiments described above are therefore considered to be illustrative in all respects and 
not restrictive, the scope of the invention being indicated by the appended claims rather 
than by the foregoing description. 
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What is claimed is: 

1. A method of treating glaucoma or ocular hypertension in apatient, which 
comprises administering to the patient a pharmaceutically effective amount of a compound 
of formula I: 




wherein: 

r' = COjR, CONrV, CH20R^ or CHjNR^R^ where: 

R = H or cationic salt moiety, or CO2R = ophlhalmically acceptable ester moiety; 
R\ R^ = same or different = H or alkyl; R'^ = H, acyl, or alkyi; R^, R^ = same or 
different = H, acyl, or alkyl; with the proviso that if one of R^, R* = acyl, then the 
other = H or alkyl; 

n = 0 or 2 

R^==H, alkyl, or acyl; 

R^ = H, halo, or OR^ where R^ = H, alkyl, or acyl; 

— = single or non-cumulated double bond, with the provisos that if a double bond is 
present between carbons 4 and 5, it is of the cis configuration; and that if a double bond is 
present between carbons 13 and 14, it is of the trans configuration; 

X = (CHj)^ or (CH2)^0, where m == 1-6; and 
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Y = phenyl, optionally substituted with alkyi, halo, trihalomethyl, alkoxy, acyl, acyloxy, 
amino, alkylamino, acylamino, or hydroxy; or 



W - CHj, O, S(0)q, NR'", CH2CH2, CH=CH, CHjO, CH2S(0)q, CH=N, or 
CH2NR^ where q = 0-2. and R'° = H, alkyl, or acyli 

Z = H, alkyl, alkoxy, acyl, acyloxy, halo, trihalomethyl, amino, alkylamino, 
acylamino, or hydroxy; and 

— = single or double bond. 

2. The method of claim 1, wherein the compound is administered topically. 

3. The method of claim 2, wherein the compound is administered as a solution, 
suspension or emulsion. 



X-Y = (CH2)py' ; where p = 0-6; and 




wherein: 
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4. The method of claim 1 , wherein: 

r' = COjR, where R = H; or CO2R = ophthalmically acceptable ester moiety; 
n = 0; 

R^ = OH in the alpha (a) configuration, or CI or F in the beta (P) configuration; 

— = single or non-cumulated double bond, with the provisos tliat if double bond is 
present between carbons 4 and 5 or carbons 5 and 6, it is of the cis configuration; and thai 
if a double bond is present between carbons 13 and 14, it is of the trans configuration; 

X = CH2O; and 

Y = phenyl, optionally substituted with halo or trihatomethyl. 

5. The method of claim 2, wherein the concentration of the compound is between 
about 0.00003 to about 0.5 weight percent. 

6. The method of claim 5, wherein the concentration of the compound is between 
about 0.0005 to about 0.03 weight percent. 

7. The method of claim 6, wherein the concentration of the compound is between 
about 0.001 to about 0.01 weight percent. 



-35- 



wo 98/20881 



PCT/US97/20856 



The method of claim 5, wherein the compound is: 




9. The method of claim 5, wherein the connpound is: 




10. The method of claim 5, wherein the compound is: 
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1 1 . The method of claim 5 , wherein the compound is: 




12. The method of claim 5, wherein the compound is: 




13. The method of claim 5, wherein the compound is: 
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1 4. A compound of formula (I): 




wherein: 

R' = CO2R, CONR'r'. CH2OR', or CHjNR'R^ where: 

R = H or cationic salt moiety, or CO2R = pharmaceutically acceptable ester 
moiety; R**, R^ = same or different = H or alkyl; = H, acyl, or alkyi; R\ 
R^ =^ same or different = H, acyl, or alkyl; with the proviso that if one of R^ 
R* = acyl, then the other = H or alkyl; 

n = 0 or 2; 

R^ = H, alkyl, or acyl; 

R^ = H, halo, or OR''; where R^ = H, alkyl, or acyl; 

— = single or non-cumulated double bond, with the provisos that a cis double bond is 
present between carbons 4 and 5; and that if a double bond is present between carbons 13 
and 14, it is of the trans configuration; 

X = (CH2)„, or (CH2)mO, where m = 1-6; and 

Y = phenyl, optionally substituted with alkyl, halo, trihalomethyl, alkoxy, acyl, acyloxy, 
amino, alkylamino, acylamino, or hydroxy; or 

-38- 



wo 98/20881 



PCTAJS97/20856 



X-Y = (CH2)pY' ; where p = 0-6; and 




■ ■ —I 
-M — Z or 




Z 



wherein: 



W = CH2, 0, S(0)q, NR'^ CH2CH2, CH=CH, CH2O, CH2S(0)q, CH=N» or 
CH2NR^ where q = 0-2, and R'^ = H, alkyl, or acyl; 

Z = H, alky!, alkoxy, acyl, acyloxy, halo, trihaiomethyl, amino, alkylamino, 
acylamino, or hydroxy; and 

— = single or double bond. 
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15. The compound of claim Mwherein: 

R' = CO2R; where R = H; or CO2R = pharmaceutically acceptable ester moiety, where 
R = alkyl; 

n = 0; 
R^ = H; 

R^ = OH in the alpha (a) configuration, or CI or F in the beta (P) configuration; 
X = CH2O; and 

Y = phenyl, optionally substituted with halo or trihalomethyl. 

1 6. The compound of claim 1 5, having the fonnula: 
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17. An ophthalmic composition for the treatment of glaucoma and ocular hypertension, 
comprising a compound of formula I: 




wherein: 

= CO2R, CONR*r\ CH20R^ or CHiNR^R^ where: 

R = H or cationic salt moiety, or CO2R = ophthalmically acceptable ester moiety; 
R^, R^ = same or different = H or alkyl; R^ = H, acyl, or alkyi; R^ R* = same or 
different = H, acyl, or alkyl; with the proviso that if one of r\ R^ = acyl, then the 
other = H or aikyl; 

n = 0or2 

= H, alkyl, or acyl; 

R^ = H, halo, or OR^; where r' = H, alkyl, or acyl; 

— = single or non-cumulated double bond, with the provisos that if a double bond is 
present between carbons 4 and 5, it is of the cis configuration; and that if a double bond is 
present between carbons 1 3 and 14, it is of the trans configuration; 

X = (CHj)^ or (CH2)niO» where m = 1-6; and 

Y = phenyl, optionally substituted with alkyl, halo, trihalomethyl, alkoxy, acyl, acyloxy, 
amino, alkylamino, acylamino, or hydroxy; or 
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X-y = (CH2)pY' ; where p = 0-6; and 




Ti — Z or 




Z 



wherein: 



W = CH2, O, S(0)q, NR", CH2CH2, CH=CH, CH2O, CH2S(0)q, CH=N. or CH2NR', 
where q = 0-2, and R'° = H, alkyl, or acyU 

Z = H, alkyl, alkoxy, acyl, acyloxy, halo» trihalomethyl, amino, alkylamino, acylaraino, or 
hydroxy; and 

— = single or double bond; 

and an ophthalmically acceptable vehicle therefor. 



-42- 



y/0 98/20S81 



PCTAJS97y20856 



1 8 . The composition of claim 1 7 wherein: 

R' = CO2R; where R = H; or CO2R ~ ophthalmically acceptable ester moiety, where 



= OH in the alpha (a) configuration, or CI or F in the beta (p) configuration; 

— = single or non-cumulated double bond, with the provisos that if double bond is 
present between carbons 4 and 5 or carbons 5 and 6, it is of the cis configuration; and that 
if a double bond is present between carbons 13 and 14, it is of the trans configuration; 

X = CH2O; and 

Y = phenyl, optionally substituted with halo or trihalom ethyl. 

19. The composition of claim 18, wherein the compound is of the following formula: 



R - alkyi; 



n = 0; 



R^ = H; 
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20. The composition of claim 18, wherein the compound is of the following formula: 




2 1 . The composition of claim 1 8, wherein the compound is of the following formula: 




22. The composiiion of claimJS, wherein the compound is of the following formula: 




23. The composition of claim 1 8, wherein the compound is of the following formula: 
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24. The composition of claim 18, wherein the compound is of the following formula: 



HQ 




CI \_f ^ 




CI 



-45- 




INTERNAmAL SEARCH REPORT 



tnton <n^i Appflcallan No 

PCT/US 97/20856 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC 6 A61K31/557 



Aooording to tntornBljanal Patent C last if nation (IPC}ortobath nMionaliJuaifiaftlbn (uid IPC 



B. FIELDS SEARCHED 



Minimuni documantafion Monhad (cIttuitMaton •ystnm tallowed by dOMiTicafion vfnhala) 

IPC 6 A61K 



□ooumentatian warohad otharthon rnntmumdmunnnlolion to the extent that auoti dDDumenti are included in the fiakb aearched 



Electronic data baM ooiHuked during the international aearch (name of data tuna and, wham practical, waioh larim uaed} 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Catagory ° Citation at dooufnaiit, with indloafon, where appropriats, of the lelevuilpaasaaea 



Relevant to elaim No. 



US 4 008 775 A (FOX IRWIN) 9 May 1978 
cited in the application 
see coluinn 15, line 45-51 

16, 
18, 
19. 



14.15, 
17,18 



see column 

see column 

see column 

see column 27, 

see column 28, 

see column 30, 

see column 3Q, 

see column 32; 

see column 35; 



line 35-47 
line 50-55 
line 22-35 
line 52-57 
line 1-49 
line lQ-11 
line 38-40 
example 9 
example 10 



see column 37; example 12 

see column 40; example 17 

see column 41, line 56-66 

see column 42; example 19 



8-13.16. 
19-24 



-/-- 



Furthet doournanta are iated in the oontinuatian of box C. 



H] 



Patertf lamHy morttteni aie Gated in annex. 



■ Special categoriaa of elted dooumenli : 

*A* docuinentdelining ttiegeneral elate of the aitwhichiB not 
oonsiderad to be of partieutar relevanea 

*E* eariiardactimenltMitpublietied onoreftarthe Intamabonal 
rding date 

V doBumant Which may 1lirewdout>ta on priorittr daim(e)or 
which n cited to aetafalish the putvlieotion dale of another 
0italianorothBrapecMilrwwon{aE Bpeoifiacl) 

'O* documenlreferring toanoraldtaaloBure. use, cxhiiitienor 
other meam 

*P' dooumentpublMwdprforto the (ntamaflanal liing data but 
later than the priority date elaimed 



'F lalerdoaurnentpublBhadatterlha intarnetional Mng date 
or prisrity dole and not in eonfUd wHh the applteation but 
dtedtoundarttandtha principle ortheoty underlyeig the 
invenbon 

'X* dooumenlafpartieularrelevanee;lheolaimed inventlan 
cannot Im considered novel or oaimotbaoonsiderad to 
involve an inventive atep when the dtwumenl ts token alone 

*Y* doeument of poitoutar relevance; the otoimed inventlan 

cannot be considered to invohFa an tnventlva step when the 
document is combined with anv ai more other such docu- 
ments, suoh oombinetion iMing obvious to a person sKillad 
in the art 

*&* douimenl member ol the same patent feirdly 



Date of the aotual comptetlon of ttia tntertutienal search 



12 February 1998 



Data ot moiling of the brtsmotiaruii ■oBroh report 



13. 03.98 



Name and maiUng eddreu of the ISA 

European Patent Ofliee, P.B. 5StaPatentlaan2 
NL-2Z80HV Rjjawt^ 
TeL (+31-70) 340-2040. Tx. 31 651 apo nl. 
Fm: (+31-70) 340-3016 



Authorized BfTioet 



Trifilieff-Riolo. S 



Foim PCT/iSA/210 IsecoM *neal) (JuV 



page 1 of 2 



INTElllfl 



ONAL SEARCH REPORT 



AppUcatlon No 



PCT/US 97/2G856 



C.{ContliKisllon) DOCUMENTS CONaiDEREO TO BE RELEVANT 



CatBflory ' Citation of dMumant, wtth feidaolun.wtiwe oppropriatai, of (he mlwant paaugM 



US 5 480 9Q0 A (DESANTIS JR LOUIS ET AL) 

2 January 1996 

cited in the application 

see column 6, line 57 

see column 7. line 12-13 

see column 8, line 29-30 

US 4 870 104 A (VORBRUGGEN HELMUT ET AL) 
26 September 1989 
cited in the application 
see column 12; example 6 

EP 0 580 268 A (UENO SEIYAKU OYO KENKYUJO 

KK) 26 January 1994 

see page 13 - page 14; table 1 

WOODWARD ET AL: "marked differential 
effects of prostanoid metabolites on 
rabbit intraocular pressure" 
OPHTALMIC RESEARCH, 
vol. 21. no. 6. 1989. 
pages 428-435, XP0O2G55464 
see page 432, right-hand column 
see page 430; figure 1 



Rslavantlo oloim No. 



1-7.14. 
15,17.18 



14.15. 
17.18 



8-13.16, 
19-24 



1-24 



1 



Pom PCT/ISM210 leoiriinualon d uoond sheaf) (July 4993) 



page 2 of 2 



INTERNATIONAL SEARCH REPORT 



Int-.national appHcation No. 

PCT/US 97/20856 



Box I Observations where certain ddms were found unsewchable (Continuation of Item 1 of first sheet) 

This Intamational Seardi Report has not been established in respeot of certain otaims under Artiole 17(2)(a) for ttie tallowing reasons: 
1. fx] Claims Nos.: 

beeause (hey retats to autijeti matter not required to be saarohed by this Aubiority, namely: 

see FURTHER INF0W1ATI0N sheet PCT/lSA/210 



Claims Nos.; 

beoause they relate to parts ot the International Application that do not compiy with the prescrbed requirements to sueh 
an extent that no meaningtut Intemational Search can be carried out, specilically: 



I I Claims Nos.: 

because they are dependant claims and are not (#aRed in accordance with the second and third sentences of Rule 6.4(^. 



Box II Observalions wiiere unity of invention Is lading {Continuation of Item 2 of first sheet) 

This International Searching Authority lound multiple inventions in this intamaftDnal application, as (oflowa: 



1. j I As all required additional search fees were Hmeiy paidby the applicant, this International Search Report covers all 
' — ' searchable claims. 

2. I I As all searchable claims could be searched wiHiout effort justifying an additional fee, ttib Authority dd not imrite payment 

of any additionai fee. 



3. I j As only some of the nsquired addilional search tees were timely paid by the applicant, ttiie Iniemational Search Report 
I — I covers only &iose claims for which fees were paid, specifically claims Noa.: 



4. I I No required additional search tees were timely paid by the applicant. Comequently, thb International Search Report is 
restricted to the invention first mentianad in the claims; it is covered by claims Nos.: 



Remark on Protest j | The addKional search fees were accompanied by the appficant's protest. 

I I No proteal accompanied the payment ot additional search fees. 



Form PCT/ISA/21 0 (ccntinuation of first sheet (1 }) (July 1992) 



INTERNATIONAL SEARCH REPORT 



International Appfication No. PCT/US 97/20856 



PUHTHER INFORMATION CONTINUED FROM PCT/tSA/ 210 



This international search report has not been established in respect of 
certain claims under Article 17(2) (a) for the following reasons: 

Claims Nos.: 1-13 

because they relate to subject matter not required to be searched by this 
Authority, namely: 

see remark 

Remark : Although claims 1-13 are directed to a method of treatment of 
the human/animal body » the search has been carried out and based on the 
alleged effects of the compound/composition. 



INTERNATIHU. SEARCH REPORT 

intomuHon on patMil family membera 



tntftr. jiSrippltcallBn No 

PCT/US 97/20855 



Patent document 


Pufalicatiofi 




Patent (amity 




Pubtiotfion 


dt9d in search report 


date 




merfiber(8) 




dale 


US 4G98775 A 


22-02-77 


CA 


1047243 


A 


70 ni-7Q 

JU-UX-/3 




DE 


2431226 


A 


ic ni 7C 




GB 


1471607 


A 


97 ClA Ti 




JP 50070285 


A 


1 1 Cid 7C 


US 5480900 A 


Q2-01-96 


US 


5605922 


A 


•3C 09 Q7 




AT 


153855 


T 


15-06-97 




AU 


574038 


B 


05-12-96 




AU 


5328694 


A 


CIQ AC Q/l 




DE 69311361 


D 


in f\l tit 
1U-U/-9/ 




DE 


69311351 


T 


no m no 




EP 


0564707 


A 


fto AO nc 




JP 


8502485 


T 


19-03-96 




WO 


9408585 


A 


28-04-94 


US 4870104 A 


26-09-89 


DE 


3325175 A 


17-01-85 




DE 


3485436 


A 


20-02-92 




UO 


8500367 


A 


31-01-85 




EP 


0147461 


A 


10-07-85 




JP 


6092362 


B 


iD-ii-y** 




JP 60501813 


T 


Oil 1 n oc 




US 


4983629 


A 


f\a m ni 
UO-Ul-91 


EP 0580258 A 


26-01-94 


JP 


2008226 


C 


11 A1 QC 




JP 


2096528 


A 


t\n t\K nt\ 

09-u4-Su 




JP 


7039343 


B 


m nc QC 




JP 


2009965 


C 


no n9 Q/^ 




JP 


2096529 


A 


f\n All no 




JP 


7939344 


B 


01-05-95 




AT 


111736 


T 


15-10-94 




AT 


162674 


T 


15-01-98 




DE 


68918391 


0 


27-10-94 




DE 


68918391 


T 


19-01-95 




EP 


0366279 


A 


02-05-90 




US 


5194429 


A 


16-03-93 




US 


5236907 


A 


17-08-93 



Fofm PCT/ISA/210 (patenl l«mily «nno«} (Juty 199Z1 



